Staphylococcus aureus causes skin and soft-tissue infection, pneumonia, osteomyelitis, septic arthritis, bacteremia, and other invasive diseases in adults and children [1] . The emergence of methicillin-resistant S. aureus (MRSA) has complicated the treatment of such infections [2, 3] . For many years, cases of MRSA infection were confined to hospitalized patients [4] . However, the recent emergence of community-associated MRSA (CA-MRSA) infections has expanded the realm of MRSA infections to include S. aureus infections with a fundamentally different epidemiology than that of hospital-associated MRSA (HA-MRSA) infections [5] . CA-MRSA infections often occur in individuals without a history of health care exposure and most commonly manifest as skin and soft-tissue infections [6] . In fact, microbiology laboratory data from many urban, tertiary care centers reveal that the majority of community-onset S. aureus skin and soft-tissue infections treated in US emergency departments are caused by MRSA [7] . Likewise, community-onset skin and softtissue infections account for the majority of MRSA infections in children [8, 9] .
Although many CA-MRSA infections are managed on an outpatient basis, a significant number of CA-MRSA infections in children require hospitalization [10, 11] . Thus, an increase in the rate of MRSA infection in the community should generate an increase in the frequency of hospitalization for MRSA infection.
Single-center pediatric studies suggest an increase in the number of hospitalized patients with MRSA infection [11, 12] . However, both the incidence of MRSA infection among children and the practice patterns of physicians may vary by hospital and by region. A recent national study of US emergency departments identified a high rate of hospitalization and mortality due to MRSA infection, but the majority of these patients were older adults with bacteremia [13] . Likewise, other national hospital-based estimates of rates of MRSA infection and associated mortality have included primarily adults and have used indirect strategies to approximate the rates of MRSA infection [14] [15] [16] . In this study, our goal was to compare recent trends in the incidence, clinical features, patient characteristics, and outcomes associated with MRSA infection and methicillin-susceptible S. aureus (MSSA) infection in hospitalized children.
METHODS

Study design.
We performed a retrospective, observational study to determine the incidence, clinical features, patient characteristics, and outcomes associated with MRSA infection in hospitalized children during a 6-year period from 1 January 2002 through 31 December 2007.
Study population. We used the Pediatric Health Information System, an administrative database managed by the Child Health Corporation of America in Shawnee Mission, Kansas, which contains inpatient data from more than 40 freestanding US children's hospitals. The Pediatric Health Information System database contains detailed information on each patient's hospitalization, including demographic characteristics, diagnoses, medications, procedures, and laboratory tests. Member hospitals represent 17 of the 20 major metropolitan areas across the United States, with only 1 children's hospital representing each city. On the basis of estimates from the National Association of Children's Hospitals and Related Institutions (Alexandria, VA), 70% of freestanding pediatric acute care hospital admissions in the United States are reported in the Pediatric Health Information System database.
The quality and reliability of the data are maintained by the joint efforts of the Child Health Corporation of America, a data manager (Thomson Healthcare in Durham, NC), and the participating hospitals. Thomson Healthcare is a leading source of healthcare business information and maintains the nation's largest health care database, which comprises data on more than 22.6 million patients discharged annually from 2900 hospitals, representing 77.5% of all patients discharged. Data from the Pediatric Health Information System are de-identified at the time of submission (before data extraction and analysis) and subjected to a number of reliability and validity checks before being processed into data quality reports. Data are accepted into the database only when classified errors occur in !2% of a hospital's quarterly data. If a hospital's quarterly data are unacceptable according to these limits, all of their quarterly data are rejected. However, these data can be resubmitted and reevaluated before inclusion in the database.
Identification of patients with S. aureus infection. Inpatients !18 years of age at admission to a hospital in the Pediatric Health Information System during the period from 1 January 2002 through 31 December 2007 were eligible for our study. Patients admitted to hospitals that did not maintain patient data for the entire study period or that had significant data issues (according to the criteria above) were excluded; thus, patients admitted to 33 hospitals in the Pediatric Health Information System, each of which contributed complete discharge data for all years of the study, were eligible for inclusion. Case status was determined on the basis of the discharge diagnoses that used International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for S. aureus infection (code 041.11), S. aureus septicemia (code 038.11), or pneumonia due to S. aureus (code 482.41). A case of MRSA infection was determined by the presence of the ICD-9-CM code for methicillin-resistant S. aureus (code V09.0) that was entered into the Pediatric Health Information System database, either alone or in conjunction with an ICD-9-CM code for S. aureus infection (code 041.11), S. aureus septicemia (code 038.11), or pneumonia due to S. aureus (code 482.41). Thus, the presence of any of the aforementioned codes in the patient's data at patient discharge would classify that patient as exposed to S. aureus infection, followed by a dichotomous secondary classification of MRSA infection or MSSA infection based on the presence of a discharge code for MRSA infection. Medical records that contained multiple S. aureus-related ICD-9-CM codes were counted only once.
For all patients identified as having an S. aureus infection (by use of the aforementioned ICD-9-CM codes), the type of infection was defined by the use of an additional ICD-9-CM code (Appendix, table A1) for skin and soft-tissue infection (cellulitis or abscess), osteomyelitis, myositis, bacteremia, pneumonia, endocarditis, or deep venous thrombosis. A code used to designate the type of infection was present in the medical records of roughly two-thirds of patients with a diagnosis code for S. aureus infection.
Determination of underlying medical conditions. To assess whether there might be concurrent chronic conditions, we used a previously validated, ICD-9-CM code-based diagnostic classification system for pediatric complex chronic conditions [17] . This nomenclature was developed to identify medical conditions expected to last у1 year and likely to require both specialty care and hospitalization at tertiary care center. This classification system divides ICD-9-CM codes into 9 categories of cancerous and noncancerous conditions that require special health services: neuromuscular, cardiovascular, respiratory, renal, gastrointestinal, hematologic or immunologic, metabolic, (7) 3008 (11) 5190 (9) Gastrointestinal 442 (2) 585 (2) 1027 (2) Hematologic and/or immunologic 760 (3) 990 (4) 1750 (3) Malignant 762 (3) 1553 (5) 2315 (4) Metabolic 408 (1) 595 (2) 1003 (2) Neuromuscular 2512 (9) 2794 (10) 5306 (9) Renal 320 (1) 485 (2) malignancy, and genetic or other congenital defects, providing a systematic, practical, and validated method to identify children with chronic health conditions. Statistical analysis. Summary statistics were constructed on the basis of the frequencies and proportions of categorical variables and on the basis of the mean and median values of continuous variables, by use of SAS, version 9.1.3 (SAS Institute). The Wilcoxon rank-sum test for trends and the odds ratios (ORs) and their 95% confidence intervals (CIs) were performed using Stata, version 9 (StataCorp).
RESULTS
Patient characteristics.
During the study period from 2002 through 2007, we identified 57,794 inpatients with S. aureus infection from a total of 1,989,233 patients admitted to 33 US children's hospitals. Of these 57,794 inpatients, 29,309 (51%) received a diagnosis of MRSA infection that was designated with an ICD-9-CM code (table 1) . Overall, the majority of patients were male and white. The median age of all children with S. aureus infection was 3.1 years (interquartile range [IQR], 0.8-11.2 years), and 17,373 (30%) of the 57,794 inpatients with S. aureus infection had at least 1 complex chronic condition. Children with MRSA infection were more likely than those with MSSA infection to have skin and soft-tissue infection (47% vs. 33%; OR, 1.75; 95% CI, 1.69-1.81) and to be black (29% vs. 22%; OR, 1.45; 95% CI, 1.39-1.50) but were less likely to have a complex chronic condition (26% vs. 34%; OR, 0.66; 95% CI, 0.64-0.69). Children with MRSA infection and children with MSSA infection were comparable with respect to median age and sex. 1 ). Similar trends were noted when different types of S. aureus infection were analyzed; the incidence of skin and soft-tissue infection, pneumonia, osteomyelitis, and bacteremia that were caused by MRSA increased significantly over time, whereas the incidence of skin and softtissue infection, pneumonia, osteomyelitis, and bacteremia that were caused by caused by MSSA remained stable at all of these sites (table 2) . Cases of myositis, endocarditis, and deep venous thrombosis that were caused by S. aureus were excluded from the trend analysis, because they each represented р1% of all S. aureus infections.
The predominant type of S. aureus infection was skin and soft-tissue infection. Of the 57,794 children with S. aureus infection, 23,280 (40%) had a skin and soft-tissue infection caused by S. aureus. However, because not all S. aureus infections were further characterized by site of infection, skin and soft-tissue infection accounted for 61% (23,280 of 38,123) of children with S. aureus infection in cases where ICD-9-CM code for site of infection was present. Stratifying S. aureus infections by methicillin resistance, 13,740 (47%) of 29,309 patients with MRSA infection (68% of those with site-of-infection codes) and 9540 (33%) of 28,485 patients with MSSA infection (54% of those with site-of-infection codes) had skin and soft-tissue infections.
Outcomes. The median length of hospital stay was 5 days (IQR, 3-13 days) for all patients with S. aureus infection, 5 days (IQR, 3-12 days) for patients with MRSA infection, and 6 days (IQR, 3-14 days) for patients with MSSA infection. Of the 57,794 children with S. aureus infection, 1043 (2%) died in the hospital, 360 (1%) of whom had MRSA infection and 683 (2%) of whom had MSSA infection (table 1) .
DISCUSSION
Prior epidemiological studies that characterized the incidence and implications of MRSA infection have not directly assessed hospitalized children at the national level. By use of active microbiology laboratory surveillance, a 2004-2005 study of 9 US metropolitan areas estimated a relatively high incidence of and a relatively high mortality associated with MRSA infection [13] . Although this was not an inpatient-based study, 92% of the reported patients required hospitalization. However, most were adults with MRSA bacteremia who had either a current or historical association with a health care setting. Of note, the 5-14-year-old age group from this study [13] had a 20-fold lower incidence of MRSA infection than that of the entire cohort, which may indicate a fundamentally different epidemiology of MRSA in hospitalized children. Two additional studies employed a large inpatient database to reveal an increase in MRSA infection during 1999-2000 [16] and during 1999-2005 [14] . By use of this large inpatient database, it was found that the rate of MRSA infection doubled over time (from 4 to 8 cases per 1000 admissions), coincident with a significant increase in rate of skin and soft-tissue infection caused by MRSA during the same period. However, because patient-specific data were not available, the rates of MRSA infection in these analyses were estimated from the data collected from local microbiology laboratory surveillance, and a pediatric age group could not be identified.
To our knowledge, the present study provides the most comprehensive description to date of the epidemiology and burden of MRSA infection among hospitalized children in the United States. We found that MRSA caused more than one-half of all S. aureus infections treated in freestanding children's hospitals from 2002 through 2007. During the study period, we identified a steady increase in both the overall incidence of S. aureus infection and the incidence of MRSA infection, whereas the incidence of MSSA infection remained stable. Most of these S. aureus infections were skin and soft-tissue infections, and the in-hospital mortality of patients with S. aureus infection-irrespective of methicillin resistance-was low.
Although our analysis did not distinguish between CA-MRSA and HA-MRSA infections, the observed increase in MRSA infections was likely driven by the recent dramatic emergence of CA-MRSA strains that occurred during the study period. The predominance of skin and soft-tissue infections among the cases of MRSA infection in our study is consistent with this hypothesis, because pediatric skin and soft-tissue infections predominantly originate in the community [8, 9] . Fur- thermore, less than one-third of our MRSA-infected patients had complex chronic conditions [17] . Although complex chronic conditions have not been directly linked to HA-MRSA infection, the relatively frequent hospitalization of children with complex chronic conditions renders them more likely than children without complex chronic conditions to acquire an HA-MRSA infection. Of note, significantly more patients with MRSA infection were black, compared with patients who had MSSA infection. Although the reason for this racial disparity is unclear, it is consistent with previous analyses of CA-MRSA infection [18] [19] [20] and colonization [21] . Single-center pediatric studies that documented the impact of the emergence of CA-MRSA infection on the hospitalization of patients also support this hypothesis, confirming both the increased rates of hospitalization over time and the dominance of skin and soft-tissue infection [11, 12] . Although the present study offers only indirect confirmation of this phenomenon, evidence for the influence of CA-MRSA infections on the epidemiology of nosocomial MRSA infections in hospitals is mounting [22] [23] [24] .
The mortality rate in our study-including all cases of S. aureus infection-was 2%. This rate is at odds with the 6.2%-8.8% mortality rates calculated for MRSA-infected hospitalized patients in the study by Klein et al. [14] and with the 18% mortality rate that was determined to be the recent national estimate of the MRSA burden by Klevens et al. [13] . As stated above, the majority of these MRSA-infected patients were adults with bacteremia who required hospitalization. In contrast, most of the patients in our study did not have a complex chronic condition or bacteremia; the majority were previously healthy children with skin and soft-tissue infection. Furthermore, because our study captured all-cause mortality, it is likely that the mortality rates attributable to MRSA infection are even lower than those estimated by our analysis. It is interesting to note that the mortality of patients with MRSA infection was lower than that of patients with MSSA infection. This is consistent with CA-MRSA infections being the primary force behind the upsurge in nosocomial MRSA infections; children with CA-MRSA infection are predominantly healthy children with skin and soft-tissue infections, a population with a lower baseline mortality rate than those hospitalized for chronic illnesses (supported by the higher incidence of complex chronic conditions among children with MSSA infection). In other words, the influx of patients with CA-MRSA infection to the hospital may be diluting the previous baseline mortality associated with MRSA infection (and, in effect, relatively inflating the mortality associated with MSSA infection), not because CA-MRSA infection is less virulent, but because it generally infects healthier patients than does HA-MRSA.
Use of the Pediatric Health Information System database offers the unique advantage of national-level, pediatric data. Specifically, the Pediatric Health Information System database contains patient medical records from 140 large, tertiary care children's hospitals (i.e., 170% of the freestanding children's hospitals in the United States) that reside in 17 of the 20 major metropolitan areas, each of which is represented by only 1 hospital in the Pediatric Health Information System. This database provides up to 21 diagnosis codes per hospitalization, which is more diagnosis data per patient than any other administrative data set. This large, data-rich, and geographically diverse database, however, may not be generalizable to nontertiary care, freestanding children's hospitals. For example, because of referral bias, the Pediatric Health Information System database may overrepresent the true incidence of some medically complicated or severe infections, including those caused by MRSA. Because of this overrepresentation, the low mortality rate observed in this cohort of referral centers is notable.
Despite these advantages, administrative sources of data such as the Pediatric Health Information System are limited with specific regard to the possibility of miscoded or inaccurate information. The accuracy of ICD-9-M codes for diagnosis of either S. aureus or MRSA infection has not been validated for this large population. Although generally specific, ICD-9-CMbased identification may not have ideal sensitivity. For example, when classifying different sites of S. aureus infection, our ICD-9-CM-based approach revealed sites of infection in only two-thirds of our cases. However, the reporting of up to 21 discharge diagnosis codes-3-fold more than the national database had used for previous reports of inpatients with S. aureus infection [14, 16] -likely increases our sensitivity relative to the 2 aforementioned studies that used a large inpatient database [14, 16] . Because of the lack of microbiology laboratory data, we have identified patients with MSSA infection as those with an ICD-9-CM code for S. aureus infection but not for MRSA infection in their medical records, taking advantage of the dichotomous nature of S. aureus infections with respect to methicillin resistance. Although it is possible that some cases of MRSA might have been missed (e.g., a diagnosis code for S. aureus infection was entered into the patient's medical record but an additional diagnosis code for MRSA infection was not), it is unlikely that this would occur differentially by year. In support of this assumption, the overall rate of S. aureus infection increased over time coincident with the increase in the rate of MRSA infection (figure 1); if increased vigilance for properly adding diagnosis codes for MRSA to S. aureus infections over time was the driving force for this increase, the resultant curve would indicate a stable incidence of all S. aureus infections accompanied by a decrease in MSSA infections and an increase in MRSA infections. Furthermore, both the overall incidence of MRSA infection and the distribution of sites of infection from this analysis are consistent with the observations of related studies that used a variety of case definitions and analyses [13, 14, 16] . However, a prospective study to identify patient and infection characteristics supported by patient-specific microbiology laboratory data would be the most reliable method to confirm our findings.
In summary, we have identified a recent increase in MRSA infection among hospitalized children. The predominance of skin and soft-tissue infections, their occurrence in primarily healthy children, the low associated mortality, and the contemporaneous increase in CA-MRSA infections suggest that this increased incidence of MRSA infection in hospitalized children is driven by the recent emergence of CA-MRSA strains. Potential conflicts of interest. All authors: no conflicts. 
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